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Abstract 
 Friction is known to play a dual role in the growth of a tropical cyclone (TC). It aids a TC 
by initiating strong inflow and low-level convergence that help the transports of angular 
momentum, water vapor and heat into the center of the cyclone (Ooyama 1964, Charney 1964, 
Rosenthal 1971). On the other hand, it weakens a TC by dissipating kinetic energy (KE) and 
inhibiting the intensification of the vortex. However, the impact of friction may vary 
depending on initial conditions (Fang et al. 2009, Wu et al. 2009). The present study deals 
with a realistic environment and artificially introduces frictional perturbations through the 
planetary boundary layer (PBL) parameterizations: (i) enhance the eddy frictional stress by 
changing the Deardorff (DF) scheme to Mellor-Yamada-Nakanishi-Niino (MYNN) Level 3; 
then (ii) modify surface friction in the DF scheme by adjusting the magnitude of the surface 
drag (0.1Cd, 0.5Cd, 1.0Cd (control run) and 1.5Cd). The purpose of this research is to 
investigate the impacts of friction-induced changes on TC Megi from the energetics point of 
view. A full-physics nonhydrostatic model from the Meteorological Research Institute/Japan 
Meteorological Agency (Saito et al. 2007) is used to investigate tropical cyclone Megi (2010). 
At 2-km resolution, the model is successful in capturing main observed features of TC Megi 
in terms of movement, intensification and vertical structures. 
 Chapter 2 details the optimal model settings by initially studying the effects of horizontal 
and vertical resolution. The PBL experiments are further discussed in Chapter 3. Substantial 
changes in the cyclone’s structure and energetics are found to be brought about by frictional 
perturbations introduced by the sensitivity runs. In understanding the typhoon intensity 
change, this work utilizes the definition of volume integrated mean kinetic energy tendency 
(KET) as the sum of the dynamical energy conversions, energy flux and energy loss. Changes 
in KE (positive or negative tendency) affect typhoon intensity change by relating KET to the 
wind circulations of a TC. The following major points are discussed in Chapter 3 and 
summarized in Chapter 4:  
 
(i) The results show that MYNN and Cd introduce frictionally-induced structural changes to 
TC Megi. An increase in eddy viscous stress and surface friction introduces wind imbalance 
which results in stronger inflow. MYNN increases the TC size (i.e. eyewall size or RMW and 
ii 
 
ROCI) and elevates the height of the vϕ,max and induced inflow (affecting the PBL height), 
whereas an increase in surface drag reduces the TC size, and lowers the depth of the PBL and 
induced inflow. 
 
(ii) The effect of the frictionally-induced structural changes on the strength of TC Megi in 
terms of the integrated kinetic energy budget is also dual: It enhances the dynamical energy 
conversion but also amplifies energy loss. Our results indicate that the balance between 
conversion and dissipation drives TC Megi’s intensification. In terms of energy conversion 
(EC), the enhancement of EC with MYNN coincides with the enlargement of the circulations 
due to the intensified surface tangential wind and elevated secondary flow, whereas EC with 
increased Cd is associated with shrinking of the eyewall brought about by weakened cyclonic 
wind and induced secondary flow over the surface. On the other hand, the increase in energy 
loss (EL) with MYNN can be viewed as a result of increasing vertical flux of momentum 
which enlarges the TC size while weakening air convergence with high tangential wind near 
the surface, whereas EL with increasing Cd is triggered by the increase of frictionally-induced 
inflow of momentum coupled by the narrowing of the TC size due to the subgradient vϕ.    
In this study, the weakening of intensity is interpreted as a result of the reduction of the 
kinetic energy tendency due to energy loss offsetting energy conversion. At the early onset of 
Megi’s deepening, the intensity follows the same tendency as the mean KE but no direct trend 
with size. However, the mechanisms for energy generation and dissipation leading to changes 
in structure reveal triggering dynamics of intensity change.  
In the future studies, we intend to utilize our current results to increase the accuracy of 
intensity prediction by improving the model’s parameterizations on boundary layer structures 
and processes. It is also of great interest to apply the present work to other tropical cyclones 
using other reanalysis data (i.e. Japan 55-year Reanalysis data) and forecast results from 
numerical weather prediction models (i.e. JMA Global Spectral Model). Our ultimate goal is 

















地表面摩擦には 2 つの過程が関係する。第 1 は接地境界層で、数値モデルでは地表面のバルク係数
Cd を使って表現されている。本研究では Cd を 1.5 倍に大きくして、接地境界層のインパクトを調べ
た。第 2 は大気境界層である。本研究の標準実験では、大気境界層のパラメータ化に、Deardorff の
方法を用いた。これは、スケールに小さな乱流のみを対象としており、雲解像モデルに最適とされて
いる。他方、感度実験では、Mellor-Yamada-Nakanishi-Niino（MYNN）スキームを用いた。MYNN は、
数 100m 程度のスケールの乱流までパラメータ化しており、鉛直渦拡散係数は Deardorff よりかなり











している。したがって，CORONEL ROCHELLE CAYANAN 提出の博士論文は，博士（理学）の学位論文とし
て合格と認める。 
 
 
